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(54) Polymer electrolyte fuel cell 

(57) The present invention provides a polymer elec- 
trolyte fuel cell in which neither cross leakage nor out- 
ward leakage occurs with the application of low clamp- 
ing pressures. The polymer electrolyte fuel cell compris- 
es a unit cell, the unit cell comprising: a membrane elec- 
trode assembly (MEA) (10) comprising a polymer elec- 
trolyte membrane, a gasket (11) covering the periphery 
of the electrolyte membrane, an anode (12) and a cath- 
ode attached to the electrolyte membrane; and conduc- 
tive separator plates sandwiching the MEA therebe- 
tween. The gasket and the separator plates have a pair 
of manifold apertures for each of fuel gas (14), oxidant 
gas (15) and cooling water (16). The gasket comprises 
dummy ribs (21 ,22,23) sun^ounding each of the manifold 
apertures, and the separator plates have grooves Into 
which each of the dummy ribs is fitted loosely such that 
there is a clearance therebetween. The gasket further 
has seal ribs (41 ,42,43) surrounding each of the mani- 
fold apertures, the anode and the cathode, as well as 
seal ribs formed on both sides of each of gas passages 
connecting the fuel gas manifold apertures with the an- 
ode and gas passages connecting the oxidant gas man- 
ifold apertures with the cathode. These seal ribs, except 
for in the gas passages, are pressed against the sepa- 
rator plates by clamping pressure of the cell stack to 
fonm gas sealing sections. 
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Description 



BACKGROUND OF THE INVENTION 



f™LJrf 'T^?! '^'^'^^ *° ^ «'«<=t^°lyte '"el cell, and more particularly to Improvements 

separS pSeT'^ ^ °" ^^''"'^'^ °' ^ membrane electrode assembly and conductive 

assembV (IWIEA composed of a polymer electrolyte membrane, a gasket which is formed of a sealing material and 
rSdi .nf.r.7.K ^'^^.^'^^^^•y^^ - attached to one face of the electrolyte membJa e and 

r.TnH f I ^^'^ °' electrolyte membrane; an anode-side conductive separator plate and a 

Sd«nt n«f tn'^h w ^^''TT "'^'^ sandwiching the MEA; and gas supply means for supplying a fuel gas and an 
leaXiSthl ^" r^''^ ^^«P^«^«'y- The important problem with this kind of fuel ceSs is cross 

leakage of the gasses which takes place in the vicinity of gas manifold apertures. In the vicinity of oxidant gas manifold 
t^TZ'n!^^T^^^ ''^ gasket sags into a fuel gas flow channel of the conductive 

the anodl Sn. , fn^?^'."^ consequently creates two leak paths leading to the oxidant gas manifold aperture from 
Ind thfothS " '^'"^'^^ ''^ separation of the gasket from the anode side of the separator plate, 

,1 t y separation of the gasket from the electrolyte membrane as the result of the sagging of the 

gasket L.kew«e. ,n the v.cinity of fuel gas manifold apertures, gas leakage occurs because the gasket sags into an 
oxidant gas flow channel of the conductive separator plate 

bf Iflffn r T '"'^'"'''"9 specification, claims, drawings and summary is incorporated herein 

tL o^ZZZTTT, I ^ ^'^''^^ ^ P'"^«'"y ^^^^^^^^ ^ aTe arranged in 

S« f ''^'•^'f ^."^^'"brane 1 as illustrated in FIG. 1 , and a gasket is integrally joined to the periphery of 

'^^J^^Tr^'"^ r^'T.'''^^^^ the portidh ofl^he 

gasket covering one face of the electrolyte membrane is connected to the portion covering the oth^rface thereof at a 
portion covenng the edge of the electrolyte membrane and at the through holes, so that it is possible to elimraVefhe 
SiTir^Mfn w H^r r? ^^P^-^tion of the gasket from the electrolyte membrane. Also in this method, 

me^TnZr T T T ^"^'^^ ^"'^ -^^"'f^"^ «P^«"^««. the ribs are 

fr^^ thi «n T H '^°^^^^°"ding positions of a separator plate to prevent the separation of the gasket 

oZTo nZ^'r T *'^^^P^^^^°'• P'^^^- Likewise, ribs fomied on the gasket are fitted into grooves of a separator 
o^mXT I f P^;f °" °' '^"^ 9««ket from the cathode side of the separator plate. ThesI ribs of the gasket not 
only mate the gasket to the separator plates but also function as flowing paths of molten resin in molding Thus the 
nbs are indispensable for gaskets that are thin and injection molded ^' ' 

K^has r:^'^: rnTuTcIent.^' '^^'^'^ '^'"^ °' '''''' °' ^^^^^'^^ 

SoX^H r °" the molding materials and the shapes of the molded artk^les. it is noonalfy difficult to predict 
thJ rS oflh? ''^'^ °^ '"^'^ "''"'^9^ ''^^^ ^^y^"*^ P^«d*°«°". tl^ere arises a protSem of 

^u^ure L fittif^^^^^^^ Z '^7 -"'^T' °' P'"^"" P^P^^'y- ^'^^ above^described 

for^SpnH inH ^f^' ^'^^"^ °^ ^''^ =^P«^«*°^ P'«»««' '^"^ Sasket needs to be molded be- 

Lf m/mLl ^ *f V^P^^t°^ P'ates need to be designed based on the actual measurement of the mold shrinkage 
n it^Tr^ h«rH^ J^",*"^ f P'^*^" composed mainly of metal orcart)on, even the molded separator 

rs?^tronafo?iLt''S "T^^"- ''""'^"'"9 '"^^ "^P"^^^°^ P-^'^ ^° '"^^^ ^"^f' «»^^ molded gasket 

lach^mrm/r^trf^^f^^ 

mnn«, ! ?! 1 ^^"""^^S^ '^'^anged. for example, by the change of the gasket material. 

ll^uLl"^!v ^T'^f ^^""9 ^^"^^^^ ^^^^^ ^^Pa^ator plates is basically surface 

lum^r f ^ ''^ "'^''"^ ^"^ "^''^ 9^^"^^^ ^"'^ ^^P^'ator plates therefore need to have 

are SftTneviS^ ^^'^'^T^rfT' """^^ '"^^'^ °' "^^^"^^^ '"^^'^^ ^"^ P'" "paries 

are left inevitably, The heights of the mari<s are usually approximately a few tens of microns depending on the mold 

i:XnZ T T"T- «''-«-<^--'''-^ structure of the fuel cell, when the gate marks and ejector pSma^s 

c^o lerrthe orskT' Z ""^ ^^'^ P^^**" "''^^ °^ 9-kJt, except for the 

c^LTro« extremely elastic, clearances are produced between the separator plates and the gasket to 

serat^i? T °" ?K °' particulariy in the case of using molded 

sld tTI? ^'"'^t P'^'^" ''^^^ "° ^"^^^ «"rface irregularities need to be compen- 

mtl I gasket^That is. it is necessary to use a highly elastfc material for the gasket. However, such a highly 
rnnn-^ ? 1 ^ " "^"^"^ ''^^ P°°^ mechanical strength and therefore tends to creep 

[0007J Further, m the above-described surface to surface sealing, a sufficient surface bad needs to be applied onto 
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both the gasket and the separator plates. Hence, another problem arises in that the clamping pressure of the cell stack 
must be heightened unnecessarily. This also involves a problem of requiring unnecessarily large-scale clamping mem- 
bers such as end plates, bolts, springs, etc., the large-scale clamping members giving a negative effect in terms of the 
volume. 

5 

BRIEF SUMMARY OF THE INVENTION 

[0008] In one aspect of the present invention, small ribs for sealing are formed on the gasket in order to ensure the 
sealing between the gasket and the separator plates instead of sealing the gasket and the separator plates in a surface 
10 to surface manner. 

[0009] In another aspect of the present invention, while ribs and other moldings of the conventional gasket are re- 
tained for ensuring moldability and mechanical strength, small ribs for sealing are formed on portions of the gasket 
wh»ch would conventionally come in contact with the separator plates in a surface to surface manner. The mechanical 
strength required for the gasket is bending strength, tortional strength or the like, and particulariy a strength which 
allows the gasket not to sag into the gas flow channels of the separator plates. The former ribs are hereinafter referred 
to as dummy nbs since they make no direct contribution to the sealing, and the latter ribs are hereinafter referred to 
as seal ribs. 

[001 0] The present invention is directed to a polymer electrolyte fuel cell comprising a unit cell, the unit cell comprising: 
an electrolyte membrane-electrode assembly (hereinafter referred to as MEA) comprising a polymer electrolyte mem- 
brane, a gasket covering the periphery of the electrolyte membrane, an anode attached to one face of the electrolyte 
membrane, and a cathode attached to the other face of the electrolyte membrane; and an anode-side conductive 
separator plate and a cathode-side conductive separator plate sandwiching the MEA therebetween. 
[0011] The gasket and the anode-side and cathode-side conductive separator plates have a pair of fuel gas manifold 
apertures, a pair of oxidant gas manifold apertures and a pair.of cooling water manifold apertures. The gasket comprises 
a dummy rib which at least partially surrounds one of the seal ribs which will be described later on the anode-situated 
side and a dummy rib which at least partially surrounds one of the seal ribs on the cathode-situated side. The separator 
plates comprise a groove into which the dummy rib is fitted loosely such that there is a clearance therebetween. The 
^ groove into which the dummy rib Is fitted loosely specifically refers to a groove which is larger than the dummy rib both 
^ in width and depth/height and into which the dummy rib is fitted without being bound. 
[001 2] The gasket comprises, on the anode-situated side, a seal rib which surrounds a fuel gas flow section extending 
from one of the fuel gas manifold apertures through the anode into the other of the fuel gas manifold apertures and 
seal ribs which surround each of the cooling water manifold apertures. The gasket preferably comprises seal ribs 
surrounding each of the oxidant gas manifold apertures on the anode-situated side. 

[0013] The gasket further comprises, on the cathode-situated side, seal ribs which surround each of the fuel gas 
manifold apertures and the cooling water manifold apertures. The gasket preferably comprises a seal rib which sur- 
rounds an oxidant gas flow section extending from one of the oxidant gas manifold apertures through the cathode into 
the other of the oxidant gas manifold apertures. 

[001 4] The above-described seal ribs are pressed against the separator plates by clamping pressure of the cell stack 
to fonn gas sealing sections. 

[0015] The anode-side conductive separator plate comprises, on the anode-fadng side, a fuel gas flow path which 
communicates with the pair of fuel gas manifold apertures, and the cathode-side conductive separator plate comprises, 
on the cathode-facing side, an oxidant gas flow path which communicates with the pair of oxidant gas manifold aper- 
tures. The fuel gas flow path and the oxidant gas flow path communicate with the fuel gas flow section and the oxidant 
gas flow section of the gasket, respectively. 

[0016] The dummy rib and the seal ribs are fomied on both sides of the standard thickness portion of the gasket. 
The expression "standard thickness" as used herein refers to the thickness of the gasket which does not include the 
height of the rib. As described above, the dummy rib has the function of improving the moldability of thin gaskets. Thus, 
it IS preferable that the dummy rib on the anode-situated side substantially surround the seal rib surrounding the fuel 
gas flow section, and that the dummy rib on the cathode-situated side substantially surround the seal rib surrounding 
the oxidant gas flow section. More preferably, the gasket further comprises, on the anode-situated side, dummy ribs 
surrounding each of the seal ribs surrounding the oxidant gas manifold apertures and the cooling water manifold ap- 
ertures, and further comprises, on the cathode-situated side, dummy ribs surrounding each of the seal ribs surrounding 
the fuel gas manifold apertures and the cooling water manifold apertures. In molding the gasket, the gate point is 
preferably formed so as to be connected to the dummy rib. Specifically, in the case of pin gate, pin-point gates are 
desirably formed on the dummy ribs. In the case of side gate, gates are formed so as to be connected to the dummy 
ribs, so that molten resin injected from the gates flows along the dummy ribs first, and then flows so as to form the 
standard thickness portion, seal ribs and other moldings. The width and height of the dummy ribs are primarily deter- 
mined by the fluidity of the molding resin. With regard to the shape of the dummy ribs, fine adjustments may be made 
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AstothethioTnei^me^epa^^^^^^^^^^^ °i ^'-^^-^ thickness portion. 

TnLsLX^rr^^^^^^ ^.--^ '--tion pertains that the dummy nbs are 

and mechanical strength secure moldability 

BRIEF DESCRIPTION OF THE SEVEFML VIEWS OF THE DRAWING 
" f!g' 1 1 1 1,?"! "I ° ^•«'"">^« membrans, in examples of the present Invention 

[0022] FIG. 4 is a left side view of the same IVIEA 

c.?' f -'^ ^" ^"'^'^^'^ ^'^^ °^ t'^^ P^" Of tf^e same MEA. 
iuu^4j FIG. 6 IS a sectional view cut along the line Vl-Vr of FIG 5 

mJofI ^ ^ sectional view cut along the line VII-VII' of FIG 3 

rnnoTi ^ ^ sectional view cut along the line VIII-VIII' of FIG 3 

Sii™^^^^^ 

[0031^] FIG. 1 3 is a sectional view of a fuel cell in one example of the present invention cut along the line Vll-Vir of 

rS fig' ]t t ^^r!'°"".t"' '^^^ the line VIII-VIII' of FIG. 3 

s^?ecindull':pa^^^^^^^^^ 

Ki FIG is^Tent'rS'r/ fi'' ''^^ °' ^ ^^^'^^^ -'^^'^P'^ °f Present invention 

0036 FlL'sL^nenagedf^S 

100371 FIG. 1 9 is a fror^t Tw o°an ie Sde of an mfa ^ ^ "'^^"^^'^ P^^=«"t '"^«"«on. 

[0038, FIG. 20 is a front Z oi a side of the sam^^^^^^^ '''"^'^ °^ ''"^^"^ 

DETAILED DESCRIPTION OF THE INVENTION 

[0039, The present invention provides a polymer electrolyte fuel cell comprising a unit cell, the unit cell comprising: 

se:^^:::^::;;^^^^^^^ a gasket which is fom^ed Of a 

trolyte membrane and rcatSode to m T^^^ membrane, an anode attached to one face of the elec- 

conductive sepStor plat^^d a^Sf s L^^^^^ °' ''^ ^'^'^'^'^^ membrane; and (2) an anode-side 

assembly therebetween '^t^^''^-^'^^ conductive separator plate sandwiching the membrane electrode 

fpI'Xe'tJsrnS^^^^^ 

apertures, ^ ^' ^ °' ^^""res and a pair of cooling water manifold 

IXLTn^eTor^^^^^^^^^ ~ each of the fuel gas manifold 

- -rgr?a-nLrrs%rnrd^^^^^^^^^ 
ro:srt™:d~^^^^^^ 

(7) each Of the seal ribs of the gasket being pressed against the surface of the anode-side conductive separator 
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plate or the cathode-side conductive separator plate by clamping pressure of the unit cell. 

[0040] The gasket preferably comprises: seal ribs surrounding each of the oxidant gas manifold apertures, formed 
on the anode-situated side: and a seal rib surrounding an oxidant gas flow section extending from one of the oxidant 
gas manifold apertures through the cathode into the other of the oxidant gas manifold apertures, formed on the cathode- 
situated side. 

[0041] A more preferred aspect of the present invention is a polymer electrolyte fuel cell comprising a unit cell, the 
unit cell comprising: (1 ) a membrane electrode assembly comprising a polymer electrolyte membrane, a gasket which 
rs formed of a sealing material and covers a periphery of the electrolyte membrane, an anode attached to one face of 
the electrolyte membrane, and a cathode attached to the other face of the electrolyte membrane; and (2) an anode- 
side conductive separator plate and a cathode-side conductive separator plate sandwiching the membrane electrode 
assembly therebetween. 

(3) the gasket, the anode-side conductive separator plate and the cathode-side conductive separator plate having 
a pair of fuel gas manifold apertures, a pair of oxidant gas manifold apertures and a pair of cooling water manifold 
apertures, 

(4a) the gasket comprising, on an anode-situated side, a seal rib which surrounds a fuel gas flow section extending 
from one of the fuel gas manifold apertures through the anode Into the other of the fuel gas manifold apertures 
and seal ribs which surround each of the cooling water manifold apertures, 

(4b) the gasket comprising, on a cathode-situated side, seal ribs which surround each of the fuel gas manifold 
apertures and the cooling water manifold apertures, 

(4c) the gasket comprising a dummy rib which at least partially surrounds one of the seal ribs on the anode-situated 
side and a dummy rib which at least partially surrounds one of the seal ribs on the cathode-situated side. 
(4d) the height of the dummy rib being greater than the height of each of the seal ribs, 

(5) the anode-side conductive separator plate comprising, on an anode-facing side, a groove into which the dummy 
rib IS fitted loosely such that there is a clearance therebetween and a fuel gas flow path which communicates with 
the pair of fuel gas manifold apertures, 

(6) the cathode-side conductive separator plate comprising, on a cathode-facing side, a groove into which the 
dummy rib is fitted loosely such that there is a clearance therebetween and an oxidant gas flow path which com- 

30 municates With the pair of oxidant gas manifold apertures, 

(7) each of the seal ribs of the gasket being pressed against the surface of the anode-side conductive separator 
plate or the cathode-side conductive separator plate by clamping pressure of the unit cell. 

[0042] The gasket preferably comprises: seal ribs surrounding each' of the oxidant gas manifold apertures, formed 
on the anode-situated side; and a seal rib surrounding an oxidant gas flow section extending from one of the oxidant 
gas manifold apertures through the cathode into the other of the oxidant gas manifold apertures, formed on the cathode- 
situated side. 

[0043] In a preferred mode of the present Invention, the dummy rib on the anode-situated side substantially surrounds 
the seal rib surrounding the fuel gas flow section, and the dummy rib on the cathode-situated side substantially sur- 
rounds the seal rib surrounding the oxidant gas flow section. 

[0044] In a more preferred mode of the present invention, the dummy rib on the anode-situated side further has a 
portion surrounding each of the manifold apertures, and the dummy rib on the cathode-situated side further has a 
portion surrounding each of the manifold apertures. 

[0045] Another aspect of the present invention is a polymer electrolyte fuel cell a)mprising a unit cell, the unit cell 
comprising: (1 ) a membrane electrode assembly comprising a polymer electrolyte membrane, a gasket which Is formed 
of a sealing material and covers a periphery of the electrolyte membrane, an anode attached to one face of the elec- 
trolyte membrane, and a cathode attached to the other face of the electrolyte membrane; and (2) an anode-side con- 
ductive separator plate and a cathode-side conductive separator plate sandwiching the membrane electrode assembly 
therebetween, 
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(3) the gasket, the anode-side conductive separator plate and the cathode-side conductive separator plate having 
a pair of fuel gas manifold apertures, a pair of oxidant gas manifold apertures and a pair of cooling water manifold 
apertures, 

(4a) the gasket comprising, on an anode-situated side, dummy ribs which surround each of the fuel gas manifold 
apertures, the oxidant gas manifold apertures and the cooling water manifold apertures; first seal ribs which sur- 
round each of the manifold apertures inside each of the dummy ribs; fuel gas passages which include a notch 
formed at an anode-facing side of the dummy ribs surrounding each of the fuel gas manifold apertures; a second 
seal nb which surrounds the anode; and third seal ribs which connect the seal ribs, of the first seal ribs, surrounding 
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ifi'Mrlf fh"^' comprising, on a cathode-situated side, dummy ribs which surround each of the fuel gas mar,ifold 

STach Of tre m^"ni?'«^ "'^T'' '^^"''"^ "^^^^ -^^"'^^'^ seal riti whlh sur- 

fZedTa cihnrr ^.f '"^:f « ^^'^^^ of the dummy ribs; oxidant gas passages which include a notch 
rr.nH !L. ^'^t ^'f °' '^""'"'^ "''^ surrounding each of the oxidant gas manifold apertures- a 
second seal nb which surrounds the cathode; and third seal ribs which connect the seal ribs of the first sea7ribs 

irorrfrSa^t—^^^^^^^^ 

ISir/ ^^T "^r"^ ''"'"'^^ ''^^ ^^'"^ greaterthan the height of each of thefiret. second andthird seal ribs- 
5) the anode-s.de conductive separator plate comprising, on an anode-facing side, grooves Into which eacS 
^e dummy nbs ,s fitted loosely such that there is a clearance therebetween and a fi^el gas^orpam which cL 
municates with the pair of fuel gas manifold apertures 

(6) the cathode-side conductive separator plate comprising, on a cathode-facing side, grooves into which each of 
the dummy rtos ,s fitted loosely such that there is a clearance therebetween and an oxidant g^Z path which 
communicates with the pair of oxidant gas manifold apertures 

ol\Z^IZT^l^'^T\^"'' °^ ""^ S^"^^* communicating with the fuel gas flow path 

ritor^SeXt^^^^^ ^'^'^ ^"^ 9- P^th of the cathode-side conductive sepa- 

ITr-tnfT T? ^ °' cathode-side conductive separator plate by clamping pressure of the unit cell 
except for in the fuel gas passages and the oxidant gas passages. e oi ine unit cell 

^°^o1 the oSSTrlr^t r'^"' "''^ ""'^ rib on the cathode-situated 

ritL t f f '"^"^""'^"*'**"'^ the first seal ribs anrfthe second rib on the anode-situated side 

srtuaSS andrl'l 1' ^^^''^^'^^^^^^ anode-situated side in alignment with the third seal ribs on hatrode 
sSed side'. ""^^^^ °" cathode-situated side in alignment with the third seal ribs on the anode- 

[0047J In another preferred mode of the present invention, the dummy ribs surrounding each of the fuel qas oxidant 
gas and coo^^g water manifold apertures on the anode-situated side are connected to one ano^er and 1^^^ 

Tuei gas passages and the oxidant gas passages, the anode-side conductive separator plate and the cathode-side 
Tl ^flSlToiT, 'r " ----9 the reinforcing ribs, tSe depritron being f^n^i^^^^^^^^ 

too f2es atZZl^ K r P^''' ^"'^ P^^"' ^»^« depression Is adapted to support the 

n^J. fl reinforcing nbs. the first and second seal ribs located in the fuel gas passages and the oxidant aas 

S ?2peSvT e?ce\T'' ^^^^^^'^ P'^^^ ^"'^ ^"^^ cathode-slde conSu^^veCarSor 

fM491 Tn^iHlth ? <^o"-esponding to the fuel gas flow path and the oxidant gas flow path. 

cZL^o?:pTuX^f1e\^l^^^^ 

ron!LaI!rn'^ite'^?Ir„"' "'^'^ T °" 9"^*^^^ P^^^^"t invention are detemiined in 

rih«^L nlf 1 Clamping pressure of the cell stack and the necessary sealing pressure The height of the seal 
ribs ,s detemimed so as to be at least equal to or higher than the height of the gate Lrlcs or other mX o ioth the 

se^Zr plie • """^ °' approximately 0.1 mm are left on the surf Jes of the glsket and the 

IvaJL'hZd ?ibsr^^^ h°'^ r """^ ^ ' - di-et-. ribs 

n th I K ^ ^"^ °^ ""^ ""'"^^ ^''^ ^ semicircular section are fomied on the molded article 

In h,s case, the height of the ribs which may be reduced upon application of pressure is 0.2 mm. GenlTlHe heiahi 
oMhe sea. nbs is 0.1 to 0.5 mm. and the width is 1 mm or less. The section shape may be a reln je ^Sr^lc^^^^^^^^ 

5epth^nIiah?r?uT,Iri^^'^' ?^ grooves that are large, in tam,s of both width and 

eS; o7esfmSId m^T^T °' '1" "^'^ °' ^"^^ grooves are detem^ined in consid- 

rmmv rLs n^lt ^ ""'^ "''"^ 9^**^^^ desirably greaterthan the height of the 

dummy ribs of the gasket ,n view of the gate marks, ejector pin marks, etc. left on the dummy ribs and the width of 

gasket mainly due to different mold shrinkage rates of materials. Specifically, the depth of the grooves is approximately 
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0.1 mm greater than the height of the dummy ribs, and the width of the grooves is approximately 0.3 mm greater than 
that of the dummy ribs. 

[0052] The relation between the dummy ribs of the gasket and the grooves of the separator plates in an assembled 
cell is illustrated, for example, in FIGs. 13 and 14. As is clear from these figures, the standard thickness portion and 
the dummy ribs of the gasket do not come In contact with the separator plates, and the gasket is in contact with the 
separator plates only at the seal ribs. Thus, the whole clamping pressure is received by the seal ribs in this structure. 
This structure makes it possible to produce high sealing pressures with the application of low clamping pressures of 
the stack, thereby improving leak resistant characteristics. 

[0053] From the viewpoint of moldability, the thickness of the standard thickness portion of the gasket can be reduced 
only down to a certain level. Thus, the provision of the seal ribs may,'in some cases, make the substantial thickness 
of the gasket greater than the thickness of the gas diffusion layers of the MEA. This case can be effectively handled 
by thinning the portions of the separator plates which come in contact with the seal ribs. This also applies to the case 
which needs the use of gas diffusion layers thinner than the moldably thinnest standard thickness portion of the gasket 
in order to improve cell characteristics. In this way, by modifying the structure of the gasket in combination with the 
shape of the separator plates combined therewith, the pressure applied on the electrodes and the seal ribs are com- 
pensated appropriately. 

[0054] In the following, preferable embodiments of the present invention will be described in detail. The MEA of FIGs. 
2 to 4 and the separator plates of FIGs. 9 to 1 2 are illustrated as having a different size, but they have the same size. 

20 EMBODIMENT 1 

[0055] FIG. 2 is a front view of an anode side of an MEA In this embodiment, and FIG. 3 is a front view of a cathode 
side of the MEA. The MEA 1 0 comprises a polymer electrolyte membrane 1 as shown in FIG. 1 , a gasket 11 covering 
a periphery of the polymer electrolyte membrane 1 , an anode 1 2 attached to one face of the polymer electrolyte mem- 
brane 1 , and a cathode 13 attached to the other face of the polymer electrolyte membrane 1 . The polymer electrolyte 
membrane 1 has through holes 2 aligned in a peripheral portion. The gasket 11 is one which is injection molded so as 
to cover the peripheral portion, including the through holes 2, of the polymer electrolyte membrane 1 . The portion of 
the gasket 1 1 covering one face of the membrane 1 is connected to the portion of the gasket 11 covering the other 
< :: face thereof at a portion covering the edge of the membrane 1 and at the through holes 2. so that the membrane 1 is 
50 ^ securely supported. 

[0056] The gasket 11 has a pair of fuel gas manifold apertures 14, a pair of oxidant gas manifold apertures 15. a pair 
of cooling water manifold apertures 1 6, and four apertures 17 for receiving a clamping bolt of a cell. 
?/ - [0057] The gasket 11 has, on a side on which the anode 12 is situated, dummy ribs 21 , 22 and 23 surrounding the 
fuel gas manifold apertures 1 4, oxidant gas manifold apertures 1 5 andcooling water manifold apertures 1 6, respectively. 

35 and dummy ribs 24 connecting the above-mentioned dummy ribs. The dummy ribs 21 , which surround each of the fuel 
gas manifold apertures 1 4. have a notch at its anode facing side, and a fuel gas passage 25 is provided so as to include 
the notch. Each of the passages 25 is provided with two reinforcing ribs 26. The gasket 1 1 has seal ribs 42 surrounding 
each of the oxidant gas manifold apertures 15 fomied inside each of the dummy ribs 22 and seal ribs 43 surrounding 
each of the cooling water manifold apertures 1 6 inside each of the dummy ribs 23. 

40 [0058] The gasket 1 1 further has, on the anode-situated side, a fuel gas seal rib surrounding a region including the 
fuel gas manifold apertures 14, the fuel gas passages 25 and the anode 12. The fuel gas seal rib consists of seal ribs 
41 surrounding each of.the fuel gas manifold apertures 14, a seal rib 44 surrounding the anode 12, and seal ribs 45 
which are disposed on both sides of each of the fuel gas passages 25'so as to connect the seal ribs 41 with the seal 
rib 44. 41a and 44a, which are parts of the seal ribs 41 and 44 located inside the passages 25, respectively, will be 

45 described later. 

[0059] The gasket 1 1 has, on a side on which the cathode 1 3 is situated, dummy ribs 31 , 32 and 33 surrounding the 
fuel gas man if old apertures 14, oxidant gas manifold apertures 15 and cooling water manifold apertures 16, respectively, 
and dummy ribs 34 connecting the above-mentioned dummy ribs. The dummy ribs 32, which sun-ound each of the 
oxidant gas.manifold apertures 15. have a notch at its cathode facing side, and an oxidant gas passage 35 is provided 
so as to include the notch. Each of the passages 35 is provided with four reinforcing ribs 36. The gasket 11 has seal 
ribs 51 surrounding each of the fuel gas manifold apertures 14 fonned inside each of the dummy ribs 31 and seal ribs 
53 surrounding each of the cooling water manifold apertures 1 6 inside each of the dummy ribs 33. 
[0060] The gasket 1 1 further has. on the cathode-situated side, an oxidant gas seal rib surrounding a region including 
the oxidant gas manifold apertures 15, the oxidant gas passages 36 and the cathode 13. The oxidant gas seal rib 
55 consists of seal ribs 52 surrounding each of the oxidant gas manifold apertures 15, a seal rib 54 surrounding the 
cathode 1 3 and seal ribs 55 which are disposed on both sides of each of the oxidant gas passages 35 so as to connect 
the seal ribs 52 with the seal rib 54. 52a and 54a, which are parts of the seal ribs 52 and 54 located inside the passages 
35, respectively, will be described later. 
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inn oJ K ! 3jllustrate the most preferable embodiment. On the anode-situated side, the dummy ribs 21 22 

Z StTZlZTV 1 5 and 1 6. respectively, are unitarily connected by the dummy ribs 

24. On the cathode-situated s.de. the dummy ribs 31 , 32 and 33. which surround the manifold apertures 14 15 and 
5 IdpTr^T r ""^"^ connected by the dummy ribs 34. The dummy ribs 21 . 22. 23 and 24 on the anode-situated 

JlJnln n 'T^^T' '''' '""^^^ ■ 33 and 34 on the cathode-situated side, respectively. Such 
reduced '° '''""^"^ "'^ ^^"^^"^ '^'^"^"^^^ P°'*°" °f '^^^ aaske! 

™L ^I'-® f ^' "''f ' ^"'^ °" anode-situated side, which surround the manifold apertures 14. 15 and 
10 FurthoM T ^' ^"^"""^"^ ^'"^^ 51 ■ 52 and 53 on the cathode-situated side, respectively 

siSed r ^^""^r^rj^ ^ ^'^P^'^' °" '"^'^ °f °f t'^^ P«««a9«« 25 on the anode 

on both sidt; JIT ft?'^ T"^'' °" cathode-Situated side, while in alignment with the seal ribs 55 disposed 
on both sides o each of the oxidant gas passages 35. seal ribs 46 are provided on the anode-situated side It is noted 
however, that at portions where the seal ribs 46 and 56 are to be provided and which overlap the dummy ribs no seal 
ribs are provided since the dummy ribs are higher than the seal ribs. As described above, by providing the seal rfbs 

"'^""^"^ °" cathode-Situated s.e. it 'is ^oUle^o' Zl^^Z 

side conductive separator plate 80. 
^ £?mln ^"°J^-^'^f^«>"d"ctive separator plate 60 has a pair of fuel gas manifold apertures 64, a pair of oxidant 

munlLf ■ .^f,^^«.^«1°^ P'«1« 60 has. on an anode facing side, grooves constituting a fuel gas flow path 68 com 
tJr^ Z^Im K '"^"""'^ ^P'^'^"^ ^'^'^ ^^P^^^t°^ P'«*^' path 68 is comprised 

clnnlTtin ^ ir^'''' '° ^"''"'^ °1 '"^"'f'^'*^ ^P^^u^^- 64. The portions 

the toTSf/J 'frn''^^^^^^^ "T"''" "^^ connecting portions 69 are adapted to come in contact with 

the top surfaces of the reinforcing ribs 26 inside the gas passages 25 of the gasket 11 . It is noted however that the 

suZX^h:Ts'2?''"°'"^'^^"^''^^ 

ftow oath'^fi ZT" ^"'^ ^1*:^' "^'^'^ °' "^^"'"^"^ ^P^^"^«« 64 ^'''^'"ding the the fuel gas 

IfILt «n , f """^^ ^""^P'^^ '^^"^ ^^^f' dummy ribs 21 of the gasket 11 The 

tTeTo^es 71 T«n/7^^ ^^^o' °' '"""''"^'^ ^P^'l"^^^ 66, and grooves 74 connecting 

■ ST f ■ , ^® 3''°°''^^ ^3 ^"'^ ^4 are adapted for loosely receiving the dummy ribs 22 23 and 

24. respectively, formed on the anode-situated side of the gasket 11 

^ wi!If L n^f f ^° °" S™"^^" constituting a cooling water flow path 76 communicating 

with the pair of cooling water manifold apertures 66. •■uim.ming 

S^mLifTJH '^^1'!°'^^^!^® conductive separator plate 80 has a pair of fuel gas manifold apertures 84, a pair of oxidant 

bolt of a cell The separator plate 80 has, on a cathode facing side, grooves constituting an oxidant gas flow pa^h M 
40 communicating with the pair of oxidant gas mantfold apertures 85. In this separator plate thrgas fb^^ath 8^^ 
comprised of f.e parall^ grooves which are connected to one another in the vSnity of tSe man' old ape^s 85 ^he 

S the too"s"u'^2i .1 r "T"" '^^ P°^'°"^ 6^ ^^-Pl-d ^- -orue in conlaS 

t^fJo Ji^nc «Q H . 36 inside the gas passages 35 of the gasket 1 1 . It is noted, however, that 

- Tortfng the ribs 36. " "''""'^ ^'^^ depressions capable of receiving and"sup 

ftow oath'^ ^ZT°' '"^'^ ^°o2^' ^'T^^ °' "^^"''°"1 «P««"^«« 65 excluding the oxidant gas 

^.^^r ,\ VTTZ^ ^ ^"^^'^"^ '° '^^''^ ^^'^'^ °f ^"'"'"y ribs 32 of the gasket 11. fhe 

^ITZ £r '^'^'"^ ^1 surrounding each of the fuel gas manifold 

apertures 84 grooves 93 sun-ounding each of the cooling water manifold apertures 86, and grooves M connecting 
the grooves 91 92 and 93. The grooves 91 , 93 and 94 are adapted for loose^r receiving the dummy ribs ^ sfJnd 
34. respectiveV, fomied on the cathode-situated side of the gasket 11 

S« ^r^fTT'^T ^° 'If'.!" ^''^^^ constituting a cooling water flow path 96 communicating 

With the pair of cooling water manifold apertures 86. ^ 

l^TrL 'V^^- conductive separator plate 60 attached to the anode side of the MEA 10, and 

n^l^c 1.? r ^ "'^"^ ^^"^ ^'^^''^^ ^^^"^ ^ an end plate is joined to each end of the 

and t erZ'n TT ""ITL '"^ "'"'"'"^ ^'^^^ ^-^-'^ -tack and the end p ate 

and the resultant is clamped by bolts, whereby a fuel cell system Is assembled. 
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[0072] FIGs. 13 and 14 are sectional views of the cell stack cut along the line Vll-Vir and the line Vlll-Vlir of FIG. 3. 
respectively. 

[0073] The oxidant gas manifold apertures 15. 65 and 85 of the gasket 11 and the separator plates 60 and 80 com- 
nnunioate with one another. The oxidant gas passages 35 of the gasket 11 correspond to portions of the oxidant gas 
flow path 88 of the separator plate 80 in the vicinity of the manifold apertures 85. That is. as shown in FIG. 15, inlet 
portions of the respective grooves of the gas flow path 88 of the separator plate 80 correspond to gaps 35a of FIG. 5 
formed between the ribs 36 in the gas passages 35 of the gasket 1 1 . The ribs 36 of the gas passages 35 are located 
In the connecting portions 89 of the separator plate 80. Thus, an oxidant gas flows from one of the pair of the oxidant 
gas manifold apertures through the inlet portions of the gas flow path 88 of the separator plate 80 and the gaps 35a 
into the gas flow path 88 inside the seal rib 54 surrounding the cathode 13. The oxidant gas supplied to the cathode 
13 is then discharged into the other manifold aperture. In the gas passages 35, the seal ribs 52a and 54a, excluding 
their portions con-esponding to the gaps 35a between the ribs 36, are pressed against the standard thickness portion 
of the separator plate 80, as illustrated in FIG. 14. 

[0074] The fuel gas passages 25 of the gasket 11 and the fuel gas flow path 68 of the separator plate 60 have the 
same relation as that in the above explanation about the oxidant gas except that the number of the ribs 26 is two. 
[0075] It should be further noted in FIG. 1 4 that the seal ribs 42 and 52 surrounding the oxidant gas manifold aperture 
15 of the gasket 11 are located at opposite positions of the standard thickness portion of the gasket 11 and are in 
alignment with one another. The positions at which the anode-side seal ribs 42 of the gasket 1 1 are pressed against 
the anode-side separator plate 60 by the clamping pressure of the cell stack are in alignment with the positions at 
which the cathode-side seal ribs 52 are pressed against the cathode-side separator plate 80. In other words, the 
pressure-applied positions on the front side of the gasket are the same as those on the back side. Therefore, it is 
possible to obtain good sealing effects on both sides of the gasket. In case of a major misalignment between the seal 
ribs on the front and back sides, warpage of the gasket occurs at the seal ribs when the standard thickness portion of 
the gasket is thin, so that it becomes impossible to obtain good sealing effects. Although the above explanation has 
been given of the seal ribs 42 and 52, the cathode-side seal ribs 54 and 55 are also located in alignment with the 
anode-side seal ribs 44 and 46, respectively, in the figures. The anode-side seal ribs 45 are located in alignment with 
the cathode-side seal ribs 56. Further, with respect to the seal ribs surrounding each of the fuel gas manifold apertures 
and the seal ribs sun-ounding each of the cooling water manifold apertures, the anode-side ones are located in alignment 
with the cathode-side ones. 

[0076] As illustrated in FIG. 13, the gasket 1 1 is supported by only one of the separator plates, i.e., the anode-side 
separator plate 60 in a portion including the gas passage extending from the oxidant gas manifold aperture 15 to the 
cathode 13. Thus, the gasket 11 may possibly sag into the gas flow path 88 of the cathode-side separator plate 80. 
However, as illustrated in FIG. 5, since this portion of the gasket has a structure in which the reinforcing ribs 36 on the 
cathode side and the dummy rib 22 on the anode side intersect at right angles, the bending strength of the gasket is 
much stronger than that of the conventional gasket which is in the fomn of a simple flat plate. Therefore, the gasket of 
this embodiment hardly sags down, and no cross leakage occurs since the seal ribs on the back side are pressed 
against the separator plate. The reinforcing ribs 26 on the anode side also have the same function as that of the 
reinforcing ribs 36 on the cathode side. This also applies to the portion including the gas passage extending from the 
fuel gas manifold aperture to the anode. Modified examples of these portions will be described In the following embod- 
iments. 

[0077] Although this embodiment has a structure in which a cooling section for flowing cooling water therein is dis- 
posed between the cells, the cooling section may be provided every two or three cells. In this case, instead of the 
above-described combination of the anode-side separator plate and cathode-side separator plate, a separator plate 
having a fuel gas flow path on one side and an oxidant gas flow path on the other side, which serves both as the anode- 
side separator plate and as the cathode-side separator plate, may be used where appropriate. 
[0078] Although this embodiment has been described in terms of the most preferable embodiment, alterations and 
modifications will become apparent to those skilled in the art without extending beyond the spirit of the present invention. 
For example, seal ribs are provided in this embodiment so as to surround the fuel gas manifold apertures, the oxidant 
gas manifold apertures and the cooling water manifold apertures as well as the fuel gas flow path and the oxidant gas 
flow path; however, when air is used as the oxidant gas, it is possible to omit the seal ribs sun-ounding the oxidant gas 
manifold apertures and the oxidant gas flow path. The structure of the separator plate may be modified accordingly in 
this case. It is understood that such modifications will be apparent to those skilled in the art to which the present 
invention pertains. 

EMBODIMENT 2 

[0079] FIG. 16 illustrates an example in which a double rib is used as the seal rib. In FIG. 16, on the cathode side 
of the gasket 11. the seal rib 52 surrounding the manifold aperture 15, the seal rib 54 sun-ounding the cathode, the 
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^Tl J surrounding the manifold aperture 14 and the seal rib 55 formed on both sides of the gas passage 35 are 
all double nbs. The seal ribs fomied on the anode side may be made double accordingly. Also, the seal ribs on the 
anode side may be made single and may be formed in alignment with the center of the double ribs on the cathode 
side^ As descnbed above, the sealing effects can be enhanced also by fonning a plurality of parallel seal ribs around 
s each of the manifold apertures, the anode, the cathode or the like. 

EMBODIMENTS 

io embodiments of the portion of the gasket 1 1 connecting the oxidant gas manifold aperture 1 5 with the 

10 cathode will be described in the following. 

[0081 ] In the above embodiments, four reinforcing ribs 36 are arranged at almost even intervals in each of the oxidant 
gas passages 35 of the gasket 1 1 , and on the other side thereof, i.e., on the anode side, the dummy ribs 22 in the form 
of a continuous belt are provided. The gas passages 35 are reinforced by the dummy ribs 22 and the reinforcing ribs 
36 formed so as to intersect the dummy ribs 22 at right angles. 

IS [0082] FIG^ 17 illustrates an example In which the gas passage 35 is the same as that described above, but a rib 
mno^f'""c? °' connected cylinders is provided, instead of the rib 22, for increasing the strength 

i.? I^'- ^ f J""^*'^^®^ ^'^^P'e wtifch a" increased number of reinforcing ribs 36a having a smaller diameter 
. J" ^""^^^^^ '^^^ ^ °" ^'"^^ ^^"^^'"s unchanged and is thus in the fomi of a belt 

20 fh • ^ f f^^'^"''^^ above, various structures are possible for preventing the cross leakage in the gas passages in 
he vicinity of the manifold apertures by employing a structure which ensures, without sacrificing gas circulation that 
the gas passages are supported from the backside. 
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[0085] FIG. 1 9 is a front view of an anode side of an MEA of this embodiment, and FIG. 20 is a front view of a cathode 
side thereof. The MEA 10 is slightly different in structure from that of Embodiment 1. A gasket 11 A has dummy ribs 
and seal nbs which are different from those of Embodiment 1 . 

[0086] With respect to the dummy ribs, the dummy ribs 21 . 22 and 23 surrounding the manifold apertures 14 15 and 
6, respectively, on the anode-situated side and the dummy ribs 31 , 32 and 33 surrounding the manifold apertures 14 
15 and 1 6. respectively on the cathode-situated side are independent of one another without having the dummy ribs 
mno"^ f I !f '^""""^ "^'''^ difference from the dummy ribs of the gasket 11 of Embodiment 1 
T! ft °" anode-situatedside. seal ribs 41 Bsurrounding each of the fuel gas manifold apertures 

' rl "^.^ ""I'"" ^^""^ °^ passages 25 to the anode (41 a of Embodiment 1 ), and a seal 

35 f V^.T,T^n^ T ^^"^ ^ °f passages 25 (44a of Embodiment 

as 1 ). This IS the difference from the seal ribs of Embodiment 1 . 

[0088] Accordingly, the fuel gas flow section extending from one of the fuel gas manifold apertures 14 through the 
anode 1 2 into the other fuel gas manifold aperture is surrounded by the seal ribs 41 B 45 and 44B 
in^rJL ^^l^*"^ ff ""^ °" cathode-Situated side, seal ribs 528 surrounding each of the oxidant gas manifold 
1? .n^! I ^".f^o^''^ ^ ^^"^^ °' Sas passages 35 to the cathode (52a of Embodiment 

U and a seal/ib 548 surrounding the cathode does not have a portton crossing each of the oxidant gas passages 35 
(54a of Embodiment 1). This is the difference from the seal ribs of Embodiment 1 a h a o 

IJ°^°L ^";°''*'"9'y> *® oxidant gas flowsection extending from one of the oxidant gas manifold apertures 15 through 
I«L?, manifold aperture is surrounded by the seal ribs 528, 55 and 548 

« omWed *® ^''"^^ modifications of the seal ribs, the seal ribs 46 and 56 in Embodiment 1 are 

[0092] in association with the above modifications of the dummy ribs, the structure of the grooves for loosely receiving 
the dummy nbs is duly modified in the separator plates to be combined with the MEA. It is understood that such 
modifications will be apparent to those skilled in the art. 

lll^'^ embodiment, the dummy ribs surrounding each of the manifold apertures sun-ound the major part of 
!tl K I ^"'■••o""ding the anode orthe cathode. This structure enables the gasketto retain its mechanical 
strength. Neighboring two or three dummy ribs may be connected to one another. 

[0094] The foregoing embodiments have described examples in which dummy ribs are provided on a thin gasket in 
order to secure moldability and mechanical strength. However, it will be apparent to those skilled in the art that the 
dummy nbs are not necessarily required for gaskets of which standard thickness portions have such a thickness as to 
secure moldability and mechanical strength. 

[0095] In the following, examples of the present invention will be described. 
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EXAMPLE 1 

[0096] A polymer electrolyte membrane (Nation 117, manufactured by E.I. Du Pont de Nemours & Co. Inc., with a 
thickness of 50 jxm) was punched out with a Thompson die into a shape of 68 mm sq uare having thorough holes aligned 
in the periphery thereof as illustrated in FIG. 1 . The through holes were 1 .5 mm In width and 6 mm in length and were 
formed at pitches of 8 mm. A gasket as Illustrated in FIGs. 2 to 4, having outer dimensions of 120 mm square and inner 
dimensions of 60 mm square, was molded to the polymer electrolyte membrane by a vertical injection molding machine. 
The gasket was 0.7 mm in thickness at the standard thickness portion, and had, on both sides thereof, dummy ribs 
2.0 mm in width and 0.6 mm in height and seal ribs 0.6 mm in width and 0.5 mm in height with a semicircular section 
0.3 mm in radius. The reinforcing ribs 36 in the gas passages 35 in the vicinity of the oxidant gas manifold apertures 
15 were 2.0 mm in width and were formed at pitches of 4.0 mm. In association therewith, the ribs 22 were anranged 
on the anode side so as to intersect the reinforcing ribs 36 at right angles. This formed a structure having a high bending 
strength. 

[0097] A thermoplastic polyester elastomer (Hytrel M7240, manufactured by Du Pont-Toray Co., Ltd.) was used as 
15 the gasket material. The molding conditions were: injection temperature 235*'C, mold temperature SO'^C and injection 
speed 240 mm/sec. With respect to the gate point, eight pin-point gates 0.9 mm in diameter were provided on the 
above-described dummy ribs for molding the gasket, and the molding under the above-described conditions produced 
no short shot. 

[0098] Next, Ketjen Black EC (furnace black manufactured by Ketjen Black Intemational Company), having a specific 
20 surface area of 800 m^/g and a DBP oil absorption of 360 ml/1 OOg, was caused to carry platinum in a weight ratio of 
1:1. 10 g of this catalyst powder was mixed with 35 g of water and 59 g of a dispersion of hydrogen-ion conductive 
polymer electrolyte in alcohol (9% FSS, manufactured by Asahi Glass Co., Ltd.), and was dispersed with the use of 
an ultrasonic mixer to prepare an ink for catalyst layer. The ink was applied onto a polypropylene film (Torayfan 50-2500, 
manufactured by Toray Iridustries, Inc.) and was dried to fomn a catalyst layer. The catalyst layer thus obtained was 
25 cut into a size of 59 mm x 59 mm; and was then transferred onto both faces of the exposed part of the above-described 
molded polymer electrolyte membrane under the conditions of temperature ISS^'C and pressure 32 kgf/cm2. Subse- 
quently, an aqueous dispersion containing a polytetrafluoroethylene (PTFE) fine powder (manufactured by Daikin In- 
dustries, Ltd =r) and acetylene black (manufactured by Denki Kagaku Kogyo K.K.) in a weight ratio of 1 :4 was applied 
? onto one face of a gas diffusion layer made of carbon fiber (TGPH120, manufactured by Toray Industries, Inc.), and 
30 was baked at 350*'C for 20 minutes to form a water repellent layer having a density of 2.0 mg/cm2 per unit area of the 
electrode. 

[0099] The gas diffusion layers with the water repellent layer f pimed thereon were bonded to the electrolyte mem- 
brane with the catalyst layers transfen-ed thereon, in such a manner that the vyater repellent layers came in contact 
with the catalyst layers, by hot pressing at a temperature of ISC'C and a pressure of 1 .5 MPa, thereby to produce an 

35 MEA. The MEA was subjected to characteristic evaluation tests as described later 

[0100] Thereafter, two kinds of cartDon separator plates, i.e., an anode-side conductive separator plate having a 
shape as illustrated in FIGs. 9 and 10 and a cathode-side conductive separator plate having a shape as illustrated in 
FIGs. 11 and 12, were produced in the following manner. Manifold apertures, flow paths for oxidant gas, fuel gas and 
cooling water, and grooves for loosely receiving the dummy ribs of the gasket were fonned by milling in a resin-im- 

40 pregnated graphite plate (glassy cartoon manufactured by Tokai Carbon Co., Ltd.) having outer dimensions of 120 mm . 
X 120 mm and a thickness of 3.0 mm. These two kinds of separator plates vyere bonded to each other with a silicone 
sealant to produce a separator unit, having a cooling water flow path formed therein, of which one side was the anode- 
side separator plate and of which the other side was the cathode-side separator plate. 

[0101] The separator units and the MEAs produced in the above manner were combined to produce a stack of 3 
45 cells connected in series. Since the grooves of the separator plates were 0.3 mm wider and 0.1 mm deeper than the 
dummy ribs of the gasket, the dummy ribs were positioned so as not to come in contact with the inner walls of the 
grooves of the separator plates. Thus, this cell stack exhibited no sealing problem caused by dimensional difference 
between the separator plate and the gasket due to mold shrinkage of the gasket and gate marks (approximately 50 
^m high) of the dummy ribs. 

so [0102] Table 1 shows a comparison between the characteristics of the cell stack of Example 1 and the characteristics 
of comparative example 1 Comparative example 1 is an example in which the seal ribs of the gasket were omitted , 
from Example 1 , and the dummy ribs were so fitted into the grooves of the separator plates as to seal the cell. 
[0103] The evaluation points are as follows: 

55 (1) Working cross leakage test 

The above-described stack of three cells (separator area: 12 x 12 = 144 cm^) was clamped at 1440 kgf 
(clamping pressure 1 MPa), and a nitrogen gas supply source was connected to the anode side thereof. While the 
supply pressure was retained at 50 kPa, the amount of gas leaking out of the cathode side was measured. 
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(2) Working outward leakage test 

.„nJiTj!!°'X'^^^'^^^'^ ^^^""^ °' ^'^^ ^'^"^ ""^^ '"^"'^^'^ "^Sf («='^'"P'"9 P^^ss"^e 1 MPa) A nitrogen gas 

of fLZn i„7' ^ -'^""7 '° "^^ ^"'^ ^"^^ •f'^^-of- the amount 

of gas flowing ,n (which ,s equal to the amount of gas flowing out. i.e.. the amount of outward leakage) was meas- 

(3) Minimum clamping pressure test 

thr«o JIm? wK-f fu^"''^'^f°"'^ ""^^ connected to the anode and the cathode of the above-described stack of 
for riH.!H„n^h '"T"'^ '^'^'"^'^ ^° '^'^"^P'"^ P^«^"^^ °f '^ell stack necessary 

out^^^Z^Z^°nn. r ""T*"^ ^'^''''^ '° ^'^^ °' "°^'"9 ' '»^^ amount oi 

outward leakage) to 0.01 ml/min or less was measured. 



[01 04] The results of these tests are shown in Table 1 . 
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Working cross leakage test 


Working outward leakage 
test 


Minimum clamping 
pressure test 


Comparative Example 1 


14.5 ml/min 


2.8 ml/min 


1820 kgf 


Example 1 


0.01 ml/min or less less 


0.01 ml/min or 


456 kgf 
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nlnt on^ t ^'ear from the results of Table 1 . according to the stack structure of gasket/separator plate of the present 
invention, it is possible to prevent cross leakage and outward leakage with the application of much lower dampfna 

This is presumably because the height^S the seal ribs 1^ g^aterSTaTrt 

the orit^t """T^'r' '"""'^'^ ''''^'"^^^ °' 9^^^« ^"'^ ^^^^^ «^i« Physical structure allows 

the pressure o app^ locally only to the seal ribs. Accordingly, even without the dummy ribs, the provision of only the 

provided that there is no requirement of thinning the gasket. «»s>uibs,. 
EXAMPLE 2 TO 4 

?^L^lV^l manner as in Example 1 . gaskets were molded so as to have a structure as illustrated in FIG. 1 8 
(Example 2) a structure as illustrated in FIG. 16 (Example 3). and a structure as illustrated in FIG. 17 (Example 4) in 

1. Separator plates were designed and produced in the same manner as in Example 1. and using the MEAs and 
separator plates thus produced, stacks of 3 cells were produced. 

[0107] These cell stacks were subjected to the following characteristic evaluation tests: 

(1) Working cross leakage test 

The above-described stacks of three cells (separator area: 12x12= 144 cm2) were clamped at 1440 kaf 
Jiamping pressure 1 MPa). and a nitrogen gas supply source was connected to the anode siderereo? WhHe the 
supply pressure was retained at 50 kPa. the amount of gas leaking out of the cathode side was measured 

(2) Marginal cross leakage test 

The above-described stacks of three cells were clamped at 1440 kgf (clamping pressure 1 MPa) and the aas 

SurruZr^'^ri""'^ 

pressure upon the gas leakage out of the cathode side was measured. 
[01 08] The results of these tests are shown in Table 2. 





Working cross leakage test 


Marginal cross leakage test 


Example 1 


0.01 ml/min or less 


189 kPa 


Example 2 


0.01 ml/min or less 


222 kPa 


Example 3 


0.01 ml/min or less 


306 kPa 


Example 4 


0.01 ml/min or less 


265 kPa 
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[0109] As shown in Table 2, no cross leakage was observed, In any of the examples, at working pressure (the gas 
supply pressure is nomially 50 kPa on both the anode side and the cathode side). Also, in any of the examples, the 
cell open-circuit voltage (OCV) was approximately 0.99 V, thereby causing no problem in practical use. The purpose 
of the marginal cross leakage test was to find the behaviors of the cells in the case of non -steady-state operations of 

5 the gas supply system, for example, valve opening/closing. The results of these tests indicate that by fomning a plurality 
of seal ribs around each of the manifold apertures, the anode, the cathode or the like and by modifying the backside 
of the gas passages of the gasket as in Examples 2 to 4, the test results can be improved, thereby becoming suited 
for applications of high gas supply pressures (the supply pressure for automobile use is approximately 180 kPa, but 
the pressure difference between the electrodes is, at the maximum, one third or one fourth. 

10 [0110] The present invention can produce a fuel cell having high gas sealing properties with the application of low 
clamping pressures, thereby contributing to improved reliability of fuel cells. 

[0111] Although the present invention has been described in terms of the presently preferred embodiments, it is to 
be understood that such disclosure is not to be interpreted as limiting. Various alterations and modifications will no 
doubt become apparent to those skilled in the art to which the present invention pertains, after having read the above 
15 disclosure. Accordingly, it is intended that the appended claims be interpreted as covering all alterations and modifi- 
cations as fall within the true spirit and scope of the invention. 

Claims 

20 

1 . A polymer electrolyte fuel cell comprising a unit cell, said unit cell comprising: (1 ) a membrane electrode assembly 
comprising a polymer electrolyte membrane, a gasket which is formed of a sealing material and covers a periphery 
of said electrolyte membrane, an anode attached to one face of said electrolyte membrane, and a cathode attached 
to the other face of said electrolyte membrane; and (2) an anode-side conductive separator plate and a cathode- 
25 side conductive-separator plate sandwiching said membrane electrode assembly therebetween, 

(3) said gasket; said anode-side conductive separator plate and said cathode-side conductive separator plate 
having a pair of fuel gas manifold apertures, a pair of oxidant gas manifold apertures and a pair of cooling 
water manifold apertures, 

(4a) said gasket comprising, on an anode-situated side, a seal rib which surrounds a fuel gas flow section 
extending from one of said fuel gas manifold apertures through the anode into the other of said fuel gas 
manifold apertures and seal ribs which surround each of said cooling water manifold apertures, 
(4b) said gasket comprising, on a cathode-situated side, seal ribs which surround each of said fuel gas manifold 
apertures and said cooling water manifold apertures, 

(5) said anode-side conductive separator plate comprising a fuel gas flow path which communicates with said 
pair of fuel gas manifold apertures on an anode-facing side, 

(6) said cathode-side conductive separator plate comprising an oxidant gas flow path which communicates 
with said pair of oxidant gas manifold apertures on a cathode-facing side. 

(7) each of said seal ribs of said gasket being pressed against the surface of said anode-side conductive 
separator plate or said cathode-side conductive separator plate by clamping pressure of said unit cell. 

The polymer electrolyte fuel cell in accordance with claim 1 , wherein said gasket further comprises: seal ribs 
surrounding each of said oxidant gas manifold apertures, formed on the anode-situated side; and a seal rib sur- 
rounding an oxidant gas flow section extending from one of said oxidant gas manifold apertures through the cathode 
into the other of said oxidant gas manifold apertures, fomned on the cathode-situated side. 

A polymer electrolyte fuel cell comprising a unit cell, isaid unit cell comprising: (1 ) a miembrane electrode assembly 
comprising a polymer electrolyte membrane, a gasket which is fomned of a sealing material and covers a periphery 
of said electrolyte membrane, an anode attached to one face of said electrolyte membrane, and a cathode attached 
to the other face of said electrolyte membrane; and (2) an anode-side conductive separator plate and a cathode- 
side conductive separator plate sandwiching said membrane electrode assembly therebetween, 

(3) said gasket, said anode-side conductive separator plate and said cathode-side conductive separator plate 
having a pair of fuel gas manifold apertures, a pair of oxidant gas manifold apertures and a pair of cooling 
water manifold apertures, 

(4a) said gasket comprising, on an anode-situated side, a seal rib which surrounds a fuel gas flow section 
extending from one of said fuel gas manifold apertures through the anode into the other of said fuel gas 
manifold apertures and seal ribs which surround each of said cooling water manifold apertures, 
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(4b) said gasket comprising, on a cathode-situated side, seal ribs which surround each of said fuel gas manifold 
apertures and said cooling water manifold apertures. maniioio 

lt?it!? 9f''^^^°°'^P"^'"9 « '^""^'"y rib Which at least partially surrounds one of said seal ribs on the anode- 
Swh K k! , ^ surrounds one of said seal ribs on the cathode-situated side 

(4d) the height of said dummy rib being greater than the height of each of said seal ribs 
dum'mv separator plate comprising, on an anode-facing side, a graove into which said 

dummy nb is frtted loosely such that there is a clearance therebetween and a fuel gas flow path which com- 
municates with said pair of fuel gas manifold apertures, low pain wnicn com 
(6) said cathode-side conductive separator plate comprising, on a cathode-facing side, a groove into which 
sa d dummy nb ,s fitted loosely such that there is a clearance therebetween and an oxidant g^srw pi 
which communicates with said pair of oxidant gas manifold apertures 

lli^^l^Vr'" "^^L""^ "^'"^ "^'"3 ""^"^^^ '^"^ ^"rf^'^^ °' anode-side conductive 

separator plate or said cathode-side conductive separator plate by clamping pressure of said unit cell. 

luLTciZfJTTV^V^" ^'^•^ 3. ^^^rein said gasket further comprises: seal ribs 

surrounding each of said oxidant gas manifold apertures, formed on the anode-situated side- and a seal rib sur- 

into the other of said oxidant gas manifold apertures, formed on the cathode-situated side. 

r^b.ST'' ""^^ accordance with claim 4, wherein said dummy rib on the anode-situated side 

^ZTf ,f ''^ gas flow section, and said dummy rib on the cathode 

situated side substantially surrounds said seal rib surrounding said oxidant gas flow section 

JLTl""!' electrolyte fuel cell in accordance with claim 5. wherein said gasket further comprises, on the anode- 
sLTd l!on.fn w^r"''' nbs surrounding each of said seafribs surrounding said oxidant gas manifold apertures and 
Tna ««^h n? T T"^ ^^^^'^s. and further comprises, on the cathode-situated side, dummy ribs surround- 
ing each of said seal nbs surrounding said fuel gas manifold apertures and said cooling water manifold apertures. 

?om?nTi!''®'^°*^'^^^f ' ''^'I '^°'"P"'^'"9 a unit cell, said unit cell comprising: (1 ) a membrane electrode assembly 
of sa^ r^X^""^' T'""'^' ' °' ^ '^^t^"^' covers a periphej^ 

to ?h^ oSl? TTTl ^ K ^"^''^'^ '° '"^^ °' ^^''^ membrane, and a cathode attached 

i^rTl ^^"^^ electrolyte membrane: and (2) an anode-side conductive separator plate and a cathode 

side conductive separator plate sandwiching said membrane electrode assembly therebetween. 

1?^^.^^^"^* ^?'".^"°'^^"^"'® conductive separator plate and said cathode-side conductive separator plate 

::rrran'^raSrs."^"^ ^ °^ ^'^-^^-^ ^^^^-^ « °^ -'"-^ 

l^l^S ^^!^^^ comprising, on an anode-situated side, dummy ribs which surround each of said fuel gas 
!hl " said oxidant gas manifold apertures and said cooling water manifold apertures; first seal 

SjJl f TIT °' '^'^ "'^"'^'^ ^^'^^ °^ '^"'^"^y ribs; fuel gas passages which 

Srtu^; f T 1 ^"''^^-^^'^'"g Side of said dummy ribs surrounding each of said fuel gas manifold 
Ti n T ribs which connect the seal ribs of 

beSa ™l^n tZ°T''^^^''' I"^' ^P^''"^^" ^'^"^ ^^''^ rib. said third seal ribs 

being provided on both sides of each of said fuel gas passages 

m^L^l".^^ comprising, on a cathode-situated side, dummy ribs which surround each of said fuel gas 
^T^t^'^ f^''' ^^"^'^ ^"'^ ^^"^ °°°""9 «'^ter manifold apertures; first seal 

^,^^^U T°""1 IT ^P^""^^" '"^''^^ ^^'^^ °' ^^'"^ '^"•^"^y ribs; oxidant gas passages 

In^ IH ^ T "^^^ ^ -'''^ dummy ribs surrounding each of sa.d oxidant 

seal ribs n l h1 T' f 1^''°"*' '^^^^^^^^ ribs Which connect the 

thTn i K K I !' ^""'""""'"^ °''idant gas manifold apertures with said second seal rib, said 

hird seal ribs being provided on both sides of each of said oxidant gas passages 

12 ^bs!'^'^^* °^ °' ^^''^ '^""'"^ ""^ "^'"^ greaterthan the height of each of'said first, second and third 

Slttl^H^"*"^^"^!?^ T*'".''^'^^ ^'^'^ comprising, on an anode-facing side, grooves into which each 

cIZl r 1'^ ^ '^'^ ^ clearance therebetween and a fuel gas flow path which 

communicates with said pair of fuel gas manifold apertures. 

itlhl? '=^*|'°'^e-side conductive separator plate comprisir^g, on a cathode-facing side, grooves into which 
each Of said dummy nbs is fitted loosely such that there is a clearance therebetween and an oxidant gas flow 
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path which communicates with said pair of oxidant gas manifold apertures, 

(7) said fuel gas passages and said oxidant gas passages of said gasket communicating with said fuel gas 
flow path of said anode-side conductive separator plate and said oxidant gas flow path of said cathode-side 
conductive separator plate, respectively, 

(8) each of said first, second and third seal ribs of said gasket being pressed against the surface of said anode- 
side conductive separator plate or said cathode-side conductive separator plate by clamping pressure of said 
unit cell except for in said fuel gas passages and said oxidant gas passages. 

8. The polymer electrolyte fuel cell in accordance with claim 7, 

wherein said first seal ribs and said second seal rib on the cathode-situated side of said gasket are located 
in alignment with said first seal ribs and said second rib on the anode-situated side, respectively, 

seal ribs are provided on the anode-situated side in alignment with said third seal ribs on the cathode-situated 
side, and 

seal ribs are provided on the cathode-situated side in alignment with said third seal ribs on the anode-situated 

side. 

9. The polymer electrolyte fuel cell in accordance with claim 7, wherein said dummy ribs surrounding each of said 
fuel gas, oxidant gas and cooling water manifold apertures on the anode-situated side are connected to one an- 
other, and said dummy ribs surrounding each of said fuel gas, oxidant gas and cooling water manifold apertures 
on the cathode-situated side are connected to one another 

10. The polymer electrolyte fuel cell in accordance with claim 7, 

wherein said gasket has a plurality of reinforcing ribs in each of said fuel gas passages and said oxidant gas 
passages, 

said anode-side conductive separator plate and said cathode-side conductive separator plate have a de- 
pression for receiving said reinforcing ribs, said depression being fomned in the vicinity of each end of said fuel 
gas flow path and said oxidant gas flow path, 

said depression is adapted to support the top faces of said reinforcing ribs, 

said first and second seal ribs located in said fuel gas passages and said oxidant gas passages are pressed 
against said anode-side conductive separator plate and said cathode-side conductive separator plate, respectively, 
except for portions corresponding to said fuel gas flow path and said oxidant gas flow path of said anode-side and 
cathode-side conductive separator plates. 

11. The polymer electrolyte fuel cell in accordance with claim 7, wherein at least one of said first, second and third 
seal ribs is composed of a plurality of seal ribs. 
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